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I. INTRODUCTION 
One of the primary objectives of research in the biology 
of aging is the identification of time-dependent changes in 
structure and function which contribute to the progressive 
increase in the probability of death characteristic of aging 
animals. 
For a half century, it has been known that certain tis­
sues of aged humans and other animal species contain golden 
brown pigment inclusions currently termed lipofuscin or age 
pigments. Despite an extensive literature, the origin and 
function, if any, of these pigments remain purely speculative. 
Very little can be deduced with assurance regarding their 
chemical structure or their relationship to the normal or 
abnormal metabolism of the tissues in which they are found. 
The present study was undertaken to give further credence 
to the view that lipofuscin accumulations are, in fact, asso­
ciated with aging. In this study are described the occurrence 
and age-wise distribution of lipofuscin pigment in the central 
nervous system of the dog and pig. Lipofuscin accumulations 
occurred in clinically healthy subjects and did not seem to be 
dependent upon sex or breed of animal. The findings agree 
with previous reports that neuronal pigment was absent in the 
very young and universally present in older subjects. More 
interestingly, it is shown that neuronal lipofuscin apparently 
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increases linearly with age, a parallel observation made by 
Strehler ^  (1959) for myocardial lipofuscin. 
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II. REVIEW OF LITERATURE 
Among the more reliable intracellular changes occurring 
during the normal aging of man and other animals is the accu­
mulation of golden-brown, lipid-containing granules called 
lipofuscin, Sommer (I929), Hamper1 (1934), and Hueck (I912). 
This "age pigment" occurs primarily in non-replaceable cell 
lines such as cardiac and skeletal muscle, and nerve cells. 
The origin, deposition, and significance of this pigment has 
been the subject of study and controversy for nearly a half 
century. Indeed, Dolley and Guthrie as early as I9I8 pointed 
out that in respect to nerve cell pigment, opinions were most 
diverse and that there were in fact more opinions than there 
were investigators. The complexity of the problem is evi­
denced by the vast literature that has developed during this 
period. 
For the most part, these Investigations have dealt with 
man; studies of age-changes in the nervous system of lower 
animals were meager, studies on the canine species were few 
(Dolley (1911), Harms (1924), Kuntz (I938), and Sulkin (1955^, 
1955b))» studies on the porcine species were found to be non­
existent . 
The diversified literature review which follows has been 
grouped into four parts. The first part deals with the 
occurrence and distribution of lipofuscin in the nervous sys­
tem; the second with the histogenesis of the pigment; the 
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third with its chemical and physical properties. The fourth 
part deals with the significance of lipofuscin in the aging 
process. 
A. Occurrence and Distribution of Lipofuscin 
The presence of lipofuscin in the aging nerve cell was 
reported by many early investigators. According to White 
(I889), human autonomic ganglia exhibited pigment much more 
frequently than those of other animals. Hodge (I894) studied 
ganglion cells of man from birth to senility and reported that 
the ganglion cells of senile individuals were largely filled 
with pigment wherea:; the neurons of the fetus were not. Pilez 
(I895) and Obersteiner (I903) described the occurrence and 
histology of pigment in various parts of the nervous system. 
Age-changes in the ganglion cells of guinea-pigs and man were 
studied by Muhlmann (I9IO). He noted an increase in the 
number of lipoidal granules in the cell with increasing age 
and noted further that the homogeneous distribution of the 
granules was gradually lost and that they gathered in clusters 
in the neuron to form finally a localized mass which continued 
to increase in size. Dolley (I9II) reported pigmentation of 
nerve cells of the senile dog and attributed its deposition to 
functional depression. Harms (1924) studied nerve cells of 
aged dogs and reported heavy accumulations in the pyramidal 
cells of the cerebrum and that pigment deposition was much 
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less or absent in the Perklnje cells of the cerebellum. 
Contemporary investigators have reported pigment accumu­
lations in all of the major parts of the nervous system, in 
many animals including man. Bethe and Pluck (1937) studied 
the pigment in ganglion cells and showed that the pigment 
could be distinguished from Nissl substance. Kuntz (1938) 
and Sulkin (1955a) studied extensively the occurrence, histol­
ogy, and histochemical characteristics of lipofuscin in the 
autonomic ganglia in man and senile dogs. Andrew (1941) re­
ported pigment deposition in the trigeminal ganglion, spinal 
cord, and brain of the mouse. Dixon and Herbertson (1950) 
and Chu (195^) reported dense aggregations of lipofuscin in 
the anterior horn cells of the human spinal cord, and Gardner 
(194oy and Bondareff (1957) reported pigment in the spinal 
ganglia. Levi (1946) reported pigment deposition in the 
inferior salivary nucleus in man and noted its uniform dis­
tribution at an early age (7th year) and rapid accumulation 
until about the 30th year. Wilcox (1951) studied a purebred 
strain of guinea pig and reported pigment deposition in many 
of the brain stem nuclei. Hopker (I951) investigated the 
aging process in the dentate nucleus of the cerebellum, re­
ported the presence of pigment and noted that its accumulation 
affected the form of the cells, and altered the position of 
the nuclei. Buttlar-Brentano (1954) studied the aging of 
hypothalamic nuclei; she reported pigment accumulations in 
6 
only the nucleus tuberomammllarls and nucleus "basalls. 
D'Angelo et (1956) in a study of the staining reactions 
of lipofuscin in human neurons, demonstrated the presence of 
the pigment in the motor cortex, various thalamic nuclei, and 
the supraoptic nucleus. Balthazar (1952) studied the large 
pyramidal cells of layer V of Area gigantlcopyramidalis in the 
human brain and noted the relationship of the granules of 
lipofuscin to the nuclei of these cells, Kuhlenbeck (195^) 
noted that pigmentation of the neurons of the rat cerebral 
cortex was not as conspicuous an occurrence as it was in man. 
Altschul (19^3) described the occurrence and histology of 
lipofuscin in the basal ganglia of man. 
C. and 0. Vogt (1946) stated that the sequence of mor­
phological, age-associated changes are characteristically dif­
ferent for each cell type. Wahren (1957) concurred with this 
observation.' He found that in man, the onset and distribution 
of intracellular pigment differed in the pallidum and in the 
nucleus tuberomammilaris and nucleus tuberolateralis of the 
hypothalamus. According to Wahren (1957) the large cells of 
the pallidum were practically full of lipofuscin by the end 
of the first three decades, and only after the age of 70 years 
did they uniformly contain pigment. In the nucleus tubero-
mammilaris, lipofuscin began to appear in its large cells in 
the fourth decade and predominated after the age of 60 years. 
In the medium-sized cells of the nucleus tuberolateralis no 
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pigment was found up to the third decade, but, by the fifth 
decade, lipofuscin-containing cells predominated and there­
after, no cells were found free of the pigment. Wahren (1957) 
also described different intracellular distributions of the 
pigment. Likewise, Sanides (1957) found that the occurrence 
of lipofuscin was different in three nuclei of the anygdaloid 
complex. Hermann (1952) studied the accumulation of lipo­
fuscin in the human sympathetic and vagal ganglia and con­
cluded that the formation and accumulation of this pigment 
proceded (at least in certain cells) at a steady rate through­
out the life-span. 
B. Histogenesis of Lipofuscin 
Little is known of the histogenesis of lipofuscin. 
Dolley stated that the pigment is a product of the nucleus; 
that during prolonged periods of depression, nuclear chroma­
tin was extruded and transformed into cytoplasmic pigment. 
Hopker_(1951)» In an excellent study of age-changes in the 
dentate nucleus of the cerebellum, concluded that lipofuscin 
was formed in a "lipohilic" center located in the proximity 
of the nucleus; he also described five recognizable formative 
stages. Matzdorf (1948) described a similar course of lipo­
fuscin deposition with the exception that no lipophilic center 
was noted. In this excellent review of aging, Matzdorf (1948) 
described the process of pigment deposition as beginning with 
8 
fine particles of lipofuscin diffusely distributed throughout 
the cytoplasm. These then increased in size, darkened, and 
clumped; the latter differing with the cell type. In its 
completed form, the pigment may be scattered throughout the 
cytoplasm or clumped at one pole. Bethe and Pluck (1937)» in 
their study on pigment deposition in ganglion cells, concluded 
that the matrix of lipofuscin was protein and bound on it was 
a lipoid substance and a yellow pigment, sjovall (1946) con­
sidered lipofuscin to be a dispersed phase of the plasma col­
loid which tends to decrease in its dispersion and finally to 
flocculate. 
The Golgi complex and mitochondria have also been asso­
ciated with the origin of lipofuscin. Gatenby et al. (I951) 
and Gatenby and Moussa (I95I) presented the view that pigment 
granules in autonomic ganglion cells were derived from trans­
formation of broken-down pieces of Golgi material. Eondareff 
(1957)» in an excellent electronmicroscopic study of the gen­
esis of lipofuscin, observed a pigment-vacuole configuration 
that resembled the Golgi complex in many ways. A mitochon­
drial origin for lipofuscin has been proposed by Hess (1955) 
also on the basis of electronmicroscopic studies. In this 
study, Hess (1955) reported electron dense pigment particles 
in close morphological association with cytoplasmic vacuoles; 
he interpreted these vacuoles as mitochondria which had become 
swollen and vacuolated. Duncan et (i960) supported Hess* 
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views on the mitochondrial origin of lipofuscin. 
A short time after the observations of Gatenby and his 
associates and Hess, a new cytoplasmic organelle, the lyso-
some was isolated from liver cells by DeDuve and his asso­
ciates (1959)• It seems apparent that these structures are 
present in all cells (epithelial and mesenchymal), Bloom and 
Fawcett (1962). The lysosome is surrounded or delimited by a 
lipoprotein membrane of a single-unit type and contains at 
least ten hydrolytic enzymes. Of these ten, according to 
Gedigk and Bontke (1956), Pearse (I96I), Novikoff and Essner 
(i960), Hammerbeck (J.960), and Heidenreich and Siebert (1955), 
three of them (acid phosphotase, esterase, and cathepsin) sug­
gest that lipofuscin is located in the lysosome; in fact, it 
is entirely possible that lipofuscin is elaborated by this 
organelle. Bondareff (1957) has stated that when pigment Is 
deposited (or elaborated) in the cell, it is seen first in 
the lysosome. 
C. Physical and Chemical Properties of Lipofuscin 
Barka and Anderson (I963) classify as pigments, those 
substances absorbing light in the visible spectrum and seen 
microscopically in unstained cells. This broad definition 
obviously includes substances of different origin, composi­
tion, and function. Based on their origin, pigments may be 
exogenous (arising from outside the animal body) or endo­
10 
genous (arising from within the body). The endogenous pig­
ments, of which lipofuscin is but one, consist of those pig­
ments derived from the break-down of hemoglobin (hemosiderin, 
hematoidin, and hematin) and those that are of non-hemoglobin 
origin (melanin and the lipopigments). The latter (the lipo-
pigments) constitute an ill-defined group of pigments, which 
have in common a yellow-brown coloration and presumed lipid 
precursors. It is customary to divide these into lipochromes 
and lipofuscins. The term, lipochrome, is restricted to those 
pigments containing colored hydrocarbons, principally care-
tenoids; they are present in vegetables and are found in 
animals due to accumulation in the tissues following inges­
tion. Lipofuscin, on the other hand, is thought to be derived 
from the progressive oxidation of lipids, Pearse (I96I). 
The chemical constitution of lipofuscin is poorly under­
stood primarily because of technical difficulties encountered 
in its analysis, which analysis is hampered by the difficulty 
in making a positive identification of the pigment in homo-
genates. Also, since the pigment is stained by chemically 
nonspecific methods, and on the basis of these, is defined as 
lipofuscin, it is reasonable to believe that many chemically 
different substances are known as lipofuscin, and one cannot 
therefore equate lipofuscin of one organ with that of another. 
The most recent and thorough biochemical analysis of 
lipofuscin was that of Heidenreich and Siebert (1955)• In 
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this study, cardiac muscle lipofuscin from aged human sub­
jects was isolated and analyzed. Cardiac muscle was first 
homogenized centrifuged in a sucrose solution with a dis­
continuous density gradient. The lipofusein-containing frac­
tion was repeatedly centrifuged and washed until a black-brown 
precipitate was obtained. Staining reactions of smears of 
this material paralleled those obtained from lipofuscin in 
nervous tissue. 
That the Heidenreich-Siebert method could be applied to 
nervous tissue is apparent but the isolation of a lipoid pig­
ment from whole-brain homogenate would be exceedingly diffi­
cult, technically; the presence of melanin in the brain tissue 
would further compound the difficulty. 
The physical properties of lipofuscin are not particu­
larly outstanding. The pigment is usually yellowish-brown, 
iron-negative, fluorescent, basophilic granules located in 
cells. They resist alcoholic dehydration and paraffin embed­
ding, and are stained with the usual lipid stains. Stubel 
(1911) using ultra-violet light observed a dark brown fluores­
cence in animal hearts. Bo mime r (I929) employing ultra-violet 
microscopy noted yellow fluorescent granules in human myo­
cardial fibers. Hamperl (1934) continued and extended Som­
mer' s investigations, pointing out that the fluorescent par­
ticles, similar to lipofuscin age pigment, were absent in the 
hearts of subjects below age 10 and were located at the poles 
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of the myocardial nuclei when present. Hamperl correlated 
the apparent color of lipofuscin with the intensity and color 
of the fluorescent particles, leaving no doubt of their iden­
tity. In his opinion, fluorescence microscopy was the most 
sensitive technique for demonstrating age pigment. Hyden and 
Lindstrom (1950) using microspectography, have reported 
absorption peaks at 2600A° and 3750A° and fluorescence emis­
sion bands between 4400A° and 4600A° and between 5300A° and 
5600A° for human neuronal lipofuscin. 
That the staining characteristics of lipofuscin are vari­
able, and that the pigment shows differences according to 
location was first demonstrated by Hueck (1912), and more 
recently by Lillie (1956b). Pearse (1961) has postulated that 
lipofuscin pigment is derived from the oxidation of unsatu­
rated lipids or lipid substances and undergoes characteristic 
changes as oxidation proceeds. These changes are then re­
flected in the outcome of the staining reactions. Pigmenta­
tion, fluorescence, basophilia and reducing activity increase 
with progressive oxidation of lipid substances. On the other 
hand, solubility in lipid solvents and staining with oil-
soluble dyes diminishes. The characteristic of acid-fastness 
is confined to certain stages in the development of lipofus­
cin. Ceroid and vitamin E deficiency pigment would appear to 
represent specific stages in the evolution of lipofuscin. 
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D. Significance of Lipofuscin in the Aging Process 
The relation of lipofuscin to the functional integrity of 
the cell containing it is uncertain, due at least in part, to 
a surplus of speculation and a dearth of controlled experi­
ments. Predominant in early literature, Dolley (I9II) and 
others, was the view that lipofuscin was detrimental to the 
cell containing it. Contemporary investigators were unable 
to agree on the significance of the pigment. Hyden and 
Lindstrom (1950), Hopker (I95I), Ranson and Clark (1959)» 
Bloom and Fawcett (I962) and others stated that lipofuscin was 
an inert slag product of no metabolic importance. On the 
other hand, Murray and Stout (19^7) in a tissue culture study 
of human sympathetic ganglion cells observed the deposition 
of pigment over a period of several weeks. They reported that 
cells containing large amounts of pigment did not migrate and 
that their nuclei frequently lost their staining properties; 
cells containing lesser amounts of pigment would migrate only 
short distances. These investigators therefore concluded that 
pigment may be detrimental to the cell by virtue of its being 
a rigid mass interfering with the plasticity of the cell. 
Sulkin and Kuntz (1952) and Sulkin and Scrivanis (I96O) 
challenged the concept that lipofuscin deposition in the 
neuron is even an evidence of age-change per se. These in­
vestigators studied the effect of environment on the deposi­
tion of pigment in the nervous system of laboratory animals. 
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the-dog, and man. They found that when the environment had 
some degree of control (as in the case of laboratory animals) 
pigment did not develop until the subject was senile. In the 
case of the dog, where the environment is controlled to a 
lesser degree, pigment does not occur until old age. Here, 
however, they found that the accumulation of pigment was much 
greater than in the laboratory animal. In man, where the 
environment is even less controlled, pigment was present at 
almost all ages. These investigators concluded that the 
deposition of pigment in the nerve cell as a correlate with 
aging did not appear warranted. Strehler (1962) stated that 
this view was not necessarily correct; that pigment deposi­
tion due to environmental alterations may be by an entirely 
different mechanism than those produced by aging processes. 
The excellent quantitative study of lipofuscin accumula­
tion in the human myocardium by Strehler et (1959) repre­
sents one of the most useful and significant contributions in 
recent times. These investigators made four outstanding 
observations; 1) average pigment concentrations increased 
linearly at a rate of one-third per cent of the heart volume 
per decade; 2) pigment concentration was independent of sex, 
race, cardiac pathology, or the presence or absence of cardiac 
failure, an observation counter to the conclusion of Sulkin 
and his associates relative to the effect of extrinsic factors 
on the deposition of pigment; 3) because of its absence in the 
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very young, its presence without exception in the aged speci­
mens studied, and its large displacement of myocardial volume, 
it was concluded that lipofuscin accumulation met the criteria 
set forth for a basic biological aging process; and 4) rela­
tively large amounts of pigment may well interfere with effi­
cient function of the cells containing it. 
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III. MATERIALS AND METHODS 
A. Canine Brain Specimens 
Brain specimens for this study were obtained from dogs 
reared in the dog colony of the Department of Veterinary Ana­
tomy, Iowa State University. Thirty-seven specimens were 
utilized; twenty-seven specimens were obtained from dogs 
whelped in the colony; ten were obtained from other sources. 
Age, breed, and sex of each subject is shown in Table 1. 
Table 1. Age, breed, sex, and number of dogs studied 
Age Breed Male Female Total 
14 days Beagle 1 0 1 
1 month Beagle 1 1 2 
2 months Beagle 1 1 2 
10 months Beagle 1 0 1 
11 months Beagle 1 0 1 
12 months Beagle 9 5 14 
20 months Beagle 0 1 1 
30 months Terrier, Wirehair 1 0 1 
2.5 years Beagle 0 1 1 
4,0 years Beagle 0 1 1 
5.0 years Beagle 2 0 2 
7.0 years Beagle 0 1 1 
8.0 years Terrier 1 0 1 
8.0 years Beagle 0 2 2 
10.0 years Beagle 0 1 1 
11.5 years Terrier 0 1 1 
12.0 years Golden Eetreiver 1 0 1 
12.9 years Pointer 0 1 1 
13.0 years Welsh Corgi _0 _1 _1 
19 18 37 
17 
Gammermeyer (I963) has emphasized that an accurate know­
ledge of the source, age, etc. of specimen material for age-
change studies is imperative for valid interpretation of find­
ings. To this end, a brief history of the dog colony of the 
Department of Veterinary Anatomy is here presented. 
The dog colony (Pig. 1) was established in 1952 to meet 
the growing need for canine specimens of known chronological 
age to support gerontological studies then in progress. The 
initial population consisted of thirty mongrel dogs. The use 
of mongrels permitted a relatively economical approach to the 
many problems encountered in establishing a colony of this 
type. The mongrel population was maintained until a standard­
ized routine of colony management was developed. In 1955» 
three pure-bred Beagle hounds (two females and one male) were 
introduced into the colony. At the same time the physical 
area of the colony was doubled, the space it presently 
occupies. As the Beagle population increased, the number of 
mongrel animals was reduced. By 1958» the colony consisted 
entirely of Beagle hounds. A colony population of forty to 
fifty animals was maintained. 
It was decided that the colony should exist with a min­
imum of environmental control to the end that structural 
alterations due to growth and aging be reflected as a "normal" 
life parameter for the colony. 
The diet for these animals after weaning consisted of 
Fig. 1. Beagle colony, Iowa State University 
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a dry commercial dog food^ which was fed free-choice by means 
of a hopper-type self-feeder. Fresh water was provided by an 
automatic watering device. There was no evidence of nutri­
tional deficiency during the course of the study. The ration 
consisted of 2^% protein, 7^ fat, kO% carbohydrate, plus vita­
mins, minerals, and essential amino acids. One pound of feed 
supplied 1500 to 1600 calories.2 
On the basis of routine fecal examinations, the colony 
did not appear to be excessively parasitized at any time dur­
ing the course of the study. Intestinal parasites were con­
trolled by periodic treatment with a commercial anthelmintic 
and daily cleaning of the animal quarters. 
All animals in the colony were vaccinated against canine 
distemper and infectious canine hepatitis. A solid wooden 
fence, eight feet high, located five feet from the animal 
runs, prevented the dogs in the colony from coming in direct 
contact with stray animals. 
There was no clinical evidence of disease at the time the 
animals were destroyed. 
^Supplied by Gaines Dog Food Division, General Foods Co., 
Kankakee, Illinois. 
p 
Peed analysis provided by the Gaines Dog Research Labo­
ratories, Kankakee, Illinois. 
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B. Porcine Brain Specimens 
Porcine brain specimens utilized in this study were ob­
tained from swine reared at the Swine Nutrition Farm, Iowa 
State University. The animals ranged in age from one to six 
years. Age, breed, and sex of each subject is shown in Table 
2. At the time the pigs were destroyed, they appeared to be 
normal, healthy subjects exhibiting no clinical evidence of 
disease. 
Table 2. Age, breed, sex, and number of pigs studied 
Age Breed Male Female Total 
12 months Yorkshire-Landrace 0 1 1 
2 years Yorkshire-Landrace 0 4 4 
3 years Yorkshire-Landrace 0 1 1 
3 years Poland China 2 0 2 
3 years Yorkshire 1 0 1 
4 years Poland China 2 0 2 
5 years Yorkshire-Landrace 0 1 1 
6 years Landrace _0 
5 11 16 
C. Collection and Fixation of Brain Specimens 
The animals utilized in this study were killed by elec 
trocution. A heavy-duty, rubber-covered electric cable to 
which had been attached two electrodes was employed. One 
electrode was attached to the anal mucosa, the other to the 
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upper lip. Three separate shocks, each of 60 seconds dura­
tion were applied from a 110-volt alternating current source. 
Immediately after death, the animals were partially-
exsanguinated by making a generous incision through the skin 
of the axillary space exposing the axillary artery and vein 
which were then severed. As soon as frank hemorrhage ceased, 
the animals were decapitated at the atlano-occipital articu­
lation. 
The skin and underlying muscles were next reflected 
laterally from the dorsal and lateral aspects of the cranium. 
The calvarium was then removed in the following manner. The 
temporal bone on one side was trephined to allow insertion 
of the jaws of a bone ronguer which was then employed to clip 
away the cranial bones. The calvarium was removed to the 
level of the orbital cavities rostrally, the zygomatic arches 
laterally, and the foramen magnum caudally. 
The cranial dura was then reflected laterally and the 
brain carefully lifted from the floor of the cranial vault 
by inserting the blade of a histological section lifter be­
tween the floor of the cranium and the brain and exerting 
gentle vertical traction. This maneuver exposed the cranial 
nerves, hypophyseal stalk and blood vessels which were care­
fully severed; the brain was then removed from the cranial 
cavity and placed in fixative. In this manner, all brain 
specimens were removed and placed in fixative within 30 
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minutes post-mortem. 
Each brain was fixed by Immersion in 1,000 milliliters 
of 10 per cent buffered neutral formalin prepared by the fol­
lowing formula: 
4o per cent formaldehyde 100 mis. 
Tap water 900 mis. 
Sodium phosphate, dibasic 7 gms. 
Sodium phosphate, monobasic 4 gms. 
Whole-brain specimens remained in this fixative at least 48 
hours. The brains were then transected and six blocks of 
tissue were selected according to the points of reference 
in Fig. 2. The blocks, approximately 10 millimeters in thick­
ness, were chosen; one each from the medulla oblongata, pons, 
diencephalon, and cerebellum, and two from the mesencephalon. 
D. Processing and Staining Procedures 
All tissue blocks were dehydrated, cleared, and embedded 
in Paraplast according to the following schedule; 
Ethanol, 70% 30 minutes 
Ethanol, 70% 30 minutes 
Ethanol, 95% 1 hour 
Ethanol, 95^ 1 hour 
Ethanol, Absolute 1 hour 
Ethanol, Absolute 1 hour 
Ethanol, Absolute 1 hour 
Paraplast #1 1 hour 
Paraplast #2 2 hours 
Tissue sections were cut 10 to 15 micra in thickness on 
a rotary microtome. Eight sections were prepared from each 
block; four were stained routinely by the staining procedures 
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4 3 2 1 
Fig. 2. Sagittal section of canine brain indicating sites 
of tissue block selection: 
1. Medulla oblongata 
2. Pons and cerebellum 
3. Posterior colliculus 
4. Anterior colliculus 
5. Diencephalon 
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outlined below, and four were retained for replacement, evalu­
ation of staining procedures, or possible changes in staining 
techniques. 
Because each of the procedures employed exhibited some 
difficulty in technique of preparation or execution, the 
staining procedures for each follows: 
Cresyl Violet Stain for Nissl Substance 
1. Xylol 2 minutes 
2. Xylol 2 minutes 
3. Absolute alcohol 2 minutes 
4. 3$% Alcohol 2 minutes 
5. 80^ Alcohol 2 minutes 
6. Distilled water 5 minutes 
7. 2% Aqueous cresyl violet 5 minutes 
8. Distilled water Einse 
9. Distilled water Rinse 
10. 70^ Alcohol Rinse (quickly) 
11. 95^ Alcohol Einse (quickly) 
12. Xylol-terpinol equal parts 2 minutes 
13. Xylol 2 minutes 
14. Mount in synthetic resin 
This stain was used to determine the quality 
and quantity of Nissl substance in the sections. 
Ca.lal* s Picro-indigocarmine Tri chrome 
Stain (Castrovie.lo's Modification) 
1. Xylol 2 minutes 
2. Xylol 2 minutes 
3. Absolute alcohol 1 minute 
4. 95^ Alcohol 30 seconds 
5. 70^ Alcohol 30 seconds 
6. Distilled water 30 seconds 
7. Aceti-fuchsin-formalin* 5 minutes 
8. Distilled water 30 seconds 
9. Picro-indigocarmine** 5 minutes 
10. Distilled water 30 seconds 
11. 70^ Alcohol 30 seconds 
12. 95^ Alcohol 30 seconds 
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13. Absolute alcohol 
Ik. Carbol-xylo1 
15. Xylol 
30 seconds 
3 minutes 
3 minutes 
16. Mount in synthetic medium 
Results; 
Epithelium —————————— violet 
Connective tissue blue 
Nuclei —————————————— red 
Erythrocytes yellow 
Muscle green 
•Must be prepared fresh daily (every 4 hours). 
Time varies from 4 to 9 minutes; check each 
batch with a "pilot" slide. 
**Time varies from 1 to 8 minutes; check with 
a "pilot" slide. 
This stain was used for nuclear studies and 
routine histological examination. 
Lillie * s Nile Blue Sulfate Method 
for Lipofuscin 
1. Xylol 
2. Xylol 
3. Absolute alcohol 
4. 95^ Alcohol 
5. 80^ Alcohol 
6. Distilled water 
7. Nile blue A -
2 minutes 
2 minutes 
2 minutes 
2 minutes 
2 minutes 
5 minutes 
.05# in 1^ H2SO4 
8. Wash in running water 
9. Mount in glycerol jelly 
20 minutes 
10-20 minutes 
Results: 
Lipofuscin -
Melanins 
Erythrocytes 
Myelin 
Nuclei 
dark-blue to green-blue 
pale green 
greenish yellow 
green to deep blue 
poorly stained 
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E. Visualization of Lipofuscin 
Barka and Anderson (I963) noted that the chemical con­
stitution of lipofuscin was poorly understood, and that the 
pigment was stained by chemically non-specific methods. The 
Nile blue sulfate method of Lillie (1956a) for demonstrating 
lipofuscin was employed routinely in this study. Selected 
sections were examined unstained and by fluorescence micro­
scopy and compared with Nile blue preparations to confirm the 
p r e s e n c e  o f  l i p o f u s c i n  ( P i g .  3 ) •  
The auto-fluorescent pigment was viewed under non-
fluorescent oil in a Bausch and Lomb model PBV5 Dynazoom 
microscope, the optics of which included a ^7x,.4mm.,.95N.A. 
objective, lOx compensated oculars, and a cardiod quartz con­
denser (1.00 mm. glass 1.05 mm.). The light source consisted 
of a Bausch and Lomb model 31-33-28-03 fluorescent illuminator 
fitted with a Bausch and Lomb high pressure mercury arc lamp 
(No. HB0200). Bausch and Lomb filters were also employed; 
No. 558 exciter filter permitted high transmissions in the 4-00 
millimicron range and a No. Y-8 barrier filter blocked trans­
missions above 550 millimicrons. 
To avoid an over-abundance of repetitive photomicro­
graphs, three signally different age groups were selected. 
A five year interval in these ages permitted a more graphic 
representation of pigment accumulations. The age groups 
Fig. 3- Visualization of lipofusoin pigment, 400x 
Fluoresence microscopy 
Nile blue stain for lipofusoin 
Unstained pigment granules 
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selected were the 2.5 year old specimens, the 8.0 year old 
specimens, and the I3.O year old specimens. 
Photomicrographs were made employing a Leitz Ortholux 
microscope fitted with plan-achromatic objectives. Color 
transparencies were produced on Kodachrome II Professional 
film which were commercially processed and printed. 
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IV. OBSERVATIONS 
Lipofuscin pigment, stained by the Nile blue method, 
appeared as dark blue-green intracytoplasmic granules in the 
cell bodies of neurons. Pigment content of the cells was 
judged by the intensity of staining and the distribution of 
the pigment granules within the cells. 
For descriptive purposes, it was convenient to group pig­
ment distributions into three categories (Pig. 4): 1) dis­
persed pigment granules, in which the pigment occurred as dis­
crete particles scattered evenly throughout the cytoplasm, 
2) polar or axonal aggregations, in which the pigment was col­
lected at or near the axon hillock. Occasional neurons con­
tained two polar aggregations, one in relation to the axon 
hillock, and the other in relation to the principal dendrite. 
These were termed bipolar aggregations, and 3) perinuclear 
clusters, in which the pigment was concentrated, usually in a 
crescent-shaped configuration, about the cell nucleus. 
A. Occurrence and Distribution of Lipofuscin 
in the Canine Brain 
1. Hypoglossal nucleus (Fig. 5) 
The neurons of the hypoglossal nucleus exhibited no evi­
dence of pigmentation until the age of 4.0 years. At that 
age, pigment was present in the region of the axon hillock. 
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Dispersed pigment granules Perinuclear pigment clusters 
Polar pigment aggregations Bipolar pigment aggregations 
Fig. 4. Pigment distribution patterns, 400x 
Pig. 5. Distribution of lipofuscin pigment in the 
canine hypoglossal nucleus 
f i o w  2 - 2 . 5  y e a r s  o f  a g e  
Row 3 - 8.0 years of age 
Row 4 - 13.0 years of age 
Left column - 2$0x; right column - 400x 
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Fig. 6—PER CENT PIGMENTED NEURONS IN THE 
CANINE HYPOGLOSSAL NUCLEUS 
FROM 2 TO 13 YEARS OF AGE 
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Although it occurred, in small amounts, the pigment stained 
deeply. 
Three years later, at 7 years of age, this nucleus ex­
hibited a moderate number of pigmented cells. Pigment accu­
mulations were of the polar type; occasional cells contained 
discrete pigment granules evenly distributed throughout the 
cytoplasm. 
The cells of the hypoglossal nucleus at 8 year of age 
did not appear to contain more pigment than at 4 years of age; 
however, more neurons contained pigment (Pig. 5)• Three brain 
specimens of this age were examined; almost uniformly the pig­
ment was located at or near the axon hillock, as closely 
packed granules. 
The cell bodies of this nucleus examined in two 12 year 
old specimens contained pigment. The pigment was again 
located in the region of the axon hillock and occurred as 
dense, darkly staining amorphous masses. Occasional cells 
containing disseminated pigment granules were seen. 
The hypoglossal nucleus of the 13 year old subject, the 
oldest speciment available for this study, contained heavily 
pigmented cells. In all of the cells examined, the pigment 
was located in relation to the axon hillock and existed as 
dense, blue-black amorphous deposits. 
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2. Inferior olivary nucleus (Fig. 7) 
The first evidence of pigment accumulation in this 
nucleus appeared at the age of years; approximately 42 per 
cent of the cells contained pigment. Pigment accumulations 
were predominantly loose clusters of granules oriented in a 
crescent-shaped mass at the periphery of the cell nucleus 
(perinuclear clusters). Compact clusters of pigment granules 
were seen frequently in the region of the axon hillock. 
The neurons of the inferior olivary nucleus in 7 year old 
specimens contained moderate amounts of pigment. Approxi­
mately equal numbers of cells contained perinuclear clusters, 
polar aggregations and disseminated pigment granules. 
In 8 year old specimens, all of the cell bodies examined 
in this nucleus contained pigment collections. The pigment 
was present as closely packed granules near the axon hillock. 
The neurons of the inferior olivary nucleus in 12 and 13 
year old subjects contained pigment, most of which was located 
near the periphery of the cell bodies. Perinuclear clusters 
of pigment granules were a frequent occurrence; no instances 
of disseminated pigment were noted. 
3. Cochlear nuclei (Fig. 9) 
No distinction was made between the cochlear nuclei. 
These nuclei were free of pigment until the age of 4 years. 
Fig .  7 - Distribution of lipofuscin pigment in the 
canine inferior olivary nucleus 
Row 2-2.5 years of age 
Row 3 - 8.0 years of age 
Row 4 - 13.0 years of age 
Left column - 250x; right column - 400x 
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Fig. 8— PER CENT PIGMENTED NEURONS IN THE 
CANINE INFERIOR OLIVARY NUCLEUS 
FROM 2 TO 13 YEARS OF AGE 
Fig .  9 .  Distribution of lipofuscin pigment in the 
canine cochlear nuclei 
Row 2-2.5 years of age 
Bow 3 - 8.0 years of age 
Bow 4 - 13.0 years of age 
Left column - 250x| right column - 400% 
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Pigment accumulations at that age were moderate; however it 
was interesting to note that perinuclear clusters of fine, 
discrete particles were characteristic of these nuclei at that 
age. 
The cochlear nuclei at 7 to 8 years of age were 40 to 50 
per cent pigmented. The pigment was concentrated in crescent-
shaped masses around the cell nuclei. Occasional neurons con­
tained disseminated pigment granules. 
The cell bodies of these nuclei examined in 12 year old 
subjects contained heavily pigmented cells. The pigment par­
ticles were so compact that they lacked a granular texture. 
The pigment orientation was predominantly perinuclear, how­
ever, moderate numbers of cells containing disseminated pig­
ment granules were seen. 
While only 70 per cent of the neurons of the cochlear 
nuclei contained pigment at 13 years of age, the amount of 
pigment contained in each cell was large. The pigment 
occurred as dense, amorphous, perinuclear masses. 
4. Vestibular nuclei (Fig. 11) 
No distinction was made between the vestibular nuclei. 
Pigmented neurons of these nuclear groups were not apparent 
in the specimens examined until the -age of 4 years. At this 
age pigment was present in the region of the axon hillock. 
The pigment accumulations were small in amount, occurring in 
Fig .  11 .  Distribution of lipofuscin pigment in the 
canine vestibular nuclei 
Row 2-2.5 years of age 
Row 3-8.0 years of age 
Row 4 - 13.0 years of age 
Left column - 250x; right column - 400x 
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about 25 per cent of the cell bodies. They existed as fine 
discrete particles. 
The neurons of the vestibular nuclei from 7 and 8 year 
old subjects were 40 to 50 per cent pigmented. The pigment 
aggregations were situated near the axon hillock. Occasional 
neurons contained evenly distributed pigment granules. 
The cells of these nuclei from 12 year old subjects pre­
sented considerable variation in pigment accumulation and dis­
tribution. All neurons examined contained pigment, most of 
which was located at or near the axon hillock; in these in­
stances, the pigment deposits ranged from dense amorphous 
masses, to loose granular clusters of varying size. Neurons 
containing perinuclear clusters were seen frequently as were 
cells containing disseminated granules. The occasional cell 
containing bipolar pigment clusters was seen. 
The neurons of the vestibular nuclei of I3 year old sub­
jects contained heavy pigment deposits. Pigment distribution 
was essentially the same as in 12 year old specimens. The 
predominant pigment distribution was that of axonal clusters 
of granules and amorphous masses of pigment material. Cell 
bodies containing perinuclear pigment clusters were seen fre­
quently. Many cells containing dispersed pigment granules 
were encountered. 
49 
5* Me s enc ephal1c nucleus of the 
trigeminal nerve (Fig. I3I 
Pigment was not present in this nucleus until the age of 
4 years and then only in negligible amounts. The pigment 
existed as small polar aggregations. Approximately 4 per cent 
of the cells contained identifiable amounts of pigment. 
The neurons of 7 and 8 year old specimens of this nuclear 
group did not appear to contain more pigment than at 4 years 
of age; pigment accumulations were seen in the region of the 
axon hillock and occurred as small loose clusters. Although 
the cells did not appear to contain more pigment than at 4 
years of age, more cells contained pigment; 4 per cent of the 
cells containing pigment at 4 years, 12 per cent at 7 years, 
and 34 per cent at 8 years of age, a three-fold increase in 
pigment for each time interval. 
At 12 years of age, the cell bodies of the mesencephalic 
nucleus of the trigeminal nerve was heavily pigmented. Polar 
aggregations of pigment predominated. The pigment occurred 
as dense, amorphous masses. Occasional perinuclear clusters 
of pigment and pigment-free cells were seen. 
Cells of this nucleus at I3 years were heavily pigmented. 
Dense amorphous masses of pigment in the region of the axon 
hillock were characteristic at this age. 
Fig. 13* Distribution of lipofuscin pigment in the 
canine mesencephalic nucleus of the trigeminal 
nerve 
Row 2-2.5 years of age 
Kbw 3 - 8.0 years of age 
Row 4 - 13.0 years of age 
Left column - 250x; right column - 400x 
m 
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6. Tegmental nucleus (of von Gudden) (Fig. 15) 
No pigment was evident in this nuclear group until the 
age of 4 years. At that age approximately 4 per cent of the 
cells contained small accumulations of discrete pigment par­
ticles . 
Neuronal pigment accumulations in 7 and 8 year old speci­
mens were considered to be heavy due to the small size of the 
cells. Disseminated pigment particles predominated in 7 year 
old specimens, while in 8 year old subjects, polar and peri­
nuclear clusters were more evident. 
Pigment accumulations in 12 and 13 year old specimens 
were similar, although more pigment-containing cells were 
present at 13 years. Axonal and perinuclear clusters of pig­
ment and cells containing disseminated pigment particles were 
in equal evidence in both age groups. 
7. Trochlear nucleus (Fig. 17) 
Pigmentation of the neurons of this nucleus was not evi­
dent until the age of 4 years. Occasional cells contained 
small, discrete axonal pigment clusters. 
The cell bodies of 7 and 8 year old specimens contained 
small amounts of pigment which occurred as individual granules 
evenly dispersed in the cytoplasm. Occasional cells contain­
ing perinuclear pigment clusters and small axonal aggregations 
Pig. 15• Distribution of lipofuscin pigment in the 
canine tegmental nucleus 
Row 2 - 2 . 5  years of age 
Row 3-8.0 years of age 
Row 4 - 13.0 years of age 
Left column - 250x; right column - 400x 
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Fig. 16-PER CENT PIGMENTED NEURONS IN THE 
CANINE TEGMENTAL NUCLEUS 
FROM 2 TO 13 YEARS OF AGE 
Pig. 17. Distribution of lipofusoln pigment in the 
canine trochlear nucleus 
How 2 - 2 . 5  years of age 
Bow 3-8.0 years of age 
Row 4 - 13.0 years of age 
Left column - 250x; right column - kOOx 
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were seen. 
Of the nuclei reported in this study, the neurons of the 
trochlear nucleus in 12 and 13 year old subjects contained 
less pigment per cell than any other as Judged by the presence 
of individual granules instead of amorphous masses of pigment 
in the region of the axon hillock, less compact perinuclear 
clusters, and fine dispersed granules in other cells. Occa­
sional pigment-free neurons were also seen. 
8. Oculomotor nucleus (Pig. 19) 
Only the main oculomotor nucleus was considered in this 
study. Pigmented neurons were first detected in specimens of 
2.5 years of age (Pig. 19)• These pigmented cells were en­
countered rather frequently; the pigment occurred as small 
axonal clusters. 
Neuronal pigmentation in this nucleus in 4- year old 
specimens was present in about 26 per cent of the cells. Of 
particular note was the absence of axonal and perinuclear 
pigment collections; instead, the cells contained large, 
coarse pigment granules which left one with the impression 
that these granules were on the verge of flocculating. 
Eight year old specimens contained 62 per cent pigmented 
cells. The pigment occurred predominantly as axonal aggrega­
tions. Occasional cells contained bipolar pigment accumula­
tions. Cells exhibiting perinuclear pigment clusters were a 
Pig. 19 .  Distribution of lipofuscin pigment in the 
canine oculomotor nucleus 
How 2 - 2 . 5  years of age 
Row 3 - 8.0 years of age 
Row 4 - 13«0 years of age 
Left column - 250x; right column - 4-OOx 
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Fig. 20-PER CENT PIGMENTED NEURONS IN THE 
CANINE RED NUCLEUS 
FROM 2 TO 13 YEARS OF AGE 
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frequent occurrence. 
At 12 years of age, the cells of the oculomotor nucleus 
were heavily pigmented. Seventy-two per cent of the cells 
contained pigment, which occurred as dense, intensely stain­
ing, amorphous masses in the region of the axon hillock. Fre­
quent bipolar pigment deposits were seen. 
Virtually all cells of this nucleus contained pigment to 
some degree by the age of I3 years. The pigment was of the 
individual, discrete particle type, evenly distributed in the 
cytoplasm of the cell. Aggregations of particles in the 
region of the axon hillock were common; occasional bipolar 
pigment collections were also noted. 
9. Bed nucleus (Fig. 21) 
Pigment-containing neurons were first noted at 2.5 years 
of age. The pigment occurred as discrete particles some of 
which were of considerable size. The particles were evenly 
distributed in the cytoplasm in most instances; however, there 
were numerous cells in which the particles collected in loose 
aggregations at the axon hillock or in loose perinuclear 
clusters. 
Four year old specimens were considered to be heavily 
pigmented considering the age of the subject and pigment con­
tent of other nuclei in this age group. Pigment was present 
as axonal collections and disseminated granules about equally. 
Pig. 21. Distribution of lipofuscin pigment in the 
canine red nucleus 
Row 2-2.5 years of age 
Row 3 - 8.0 years of age 
Row 4 - 13.0 years of age 
Left column,- 250x; right column - 400z 
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Sixty-two per cent of the neurons In the 7 and 8 year 
old specimens contained pigment, most of which was present 
as axonal collections. There were, however, numerous cells 
containing disseminated pigment particles. Occasional cells 
containing bipolar pigment aggregations were encountered. 
Virtually all neurons of the red nucleus of 12 and 13 
year old subjects contained large quantities of pigment. 
Although occasional bipolar pigment accumulations were seen, 
axonal and perinuclear pigment collections were more common. 
These clusters consisted of very darkly stained, individual 
particles. In addition, the cells containing axonal and 
perinuclear pigment clusters also contained many evenly dis­
persed particles. The occurrence and distribution of pigment 
in this nucleus was the most striking of the study. 
10. Purklnje' cells of the cerebellum 
Lipofuscin pigment was not observed in the Purklnje' 
cells in specimens examined in this study. 
B. Occurrence and Distribution of Lipofuscin 
in the Porcine Brain 
1. Hypoglossal nucleus 
The hypoglossal nucleus was free of pigment until the age 
of 3 years-4 months at which time pigment was present in 
moderate amounts. Axonal aggregations were present in the 
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Fig. 24. Occurrence of lipofuscin pigment in ten train 
stem nuclei of the canine brain (density of 
stippling indicates relative degree of pig­
mentation) 
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form of loose and compact collections; many cells contained 
disseminated pigment granules. By the age of 4 years, this 
nucleus contained large numbers of pigmented cells; the pig­
ment existed as dense, granular, perinuclear clusters. Numer­
ous cells containing axonal aggregations were seen. The hypo­
glossal nucleus from 6 year old specimens contained many cells 
which exhibited disseminated pigment particles and numerous 
cells containing axonal pigment aggregations. 
2. Inferior olivary nucleus 
Pigment was not evident in the specimens examined until 
the age of 4 years. Three specimens of this age group con­
tained moderate amounts of polar pigment aggregations. Occa­
sional perinuclear clusters were observed. Two 6 year old 
specimens of the inferior olivary nucleus were examined. 
Virtually all cells contained pigment. Approximately equal 
numbers of cells contained axonal and perinuclear clusters 
of pigment granules. Many cells contained disseminated pig­
ment particles. 
3. Vestibular nuclei 
No distinction was made between the vestibular nuclei. 
Pigment-containing cells of these nuclei were seen at 2 years-
3 months of age. Llpofuscin pigment was present In slight 
amounts as disseminated particles. Occasional cells contained 
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very small, discrete axonal aggregations. At 3 years-9 months 
of age, axonal aggregations were more apparent, and by the 
age of 4 years-1 month, the cells were heavily pigmented. 
Neurons of these nuclei from 6 year old subjects were heavily 
pigmented, the pigment occurring as loose and compact peri­
nuclear clusters; occasional axonal collections and many cells 
containing disseminated pigment granules were observed. 
4. Trochlear nucleus 
Pigment-containing cells in this nucleus were not appar­
ent until the age of 3 years-8 months. The pigment was not 
excessive in amount, appearing as fine, discrete particles. 
The occasional cell appeared to have an increased pigment 
density about the nucleus. At 4 years-1 month of age, most 
cells of this nucleus contained disseminated pigment gran­
ules; occasional cells contained perinuclear clusters of pig­
ment particles. 
5. Oculomotor nucleus 
Occasional cells containing small amounts of disseminated 
pigment granules were observed in this nucleus in 2 year old 
subjects. By the age of 3 years, virtually all cells of this 
nucleus contained fine showers of pigment particles; occa­
sional cells contained potential clusters of granules near the 
axon hillock. Neurons of this nucleus from 4 year old sub­
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jects contained moderately heavy accumulations of disseminated 
pigment. Occasional cells contained loose perinuclear clus­
ters of pigment granules. The oculomotor nucleus of 6 year 
old subjects was made up of cells, most of which contained 
large amounts of pigment as individual granules. Moderate 
numbers of these cells also contained axonal or perinuclear 
pigment aggregations. 
6. Red nucleus 
While pigment was absent in 1 year old subjects, con­
siderable numbers of cells contained disseminated pigment 
granules in subjects 2 years-5 months of age. Frequently, 
cells containing small, loose axonal pigment collections were 
encountered. Virtually all neurons of this nucleus in 3 year 
old specimens contained disseminated pigment granules. There 
was also a marked tendency to perinuclear clumping in that the 
disseminated particles appeared to be more concentrated near 
the periphery of the cell nucleus. There were occasional 
cells which contained axonal pigment granules. 
At the age of 4 years, numerous neurons of the red 
nucleus contained axonal pigment aggregations; occasional 
cells contained bipolar pigment collections. Perinuclear 
clusters were also seen occasionally. The red nucleus of 6 
year old specimens was more heavily pigmented than the oculo­
motor nucleus at that age. Virtually all cells contained 
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disseminated pigment granules. In addition to disseminated 
pigment granules, many of these cells also contained peri­
nuclear or axonal pigment collections. Occasional cells con­
tained bipolar pigment aggregations and the occasional pig­
ment-free cell was observed. 
?• Purkin.je cells of the cerebellum (Fig. 25) 
Pigment-containing Purkinje cells were observed in two 
4 year old specimens. Twenty-eight per cent of the cells con­
tained scanty amounts of fine polar pigment granules. 
Two 6 year old specimens examined contained 44 per cent 
pigmented cells. The pigment was again scanty in amount and 
had a polar orientation. 
75 
Fig. 25. Pigmented Purkinje cells in the porcine 
cerebellum, 250x and lOOOx 
Fig. 26. Lipofuscin deposition in the porcine brain -
age : 3 years 
Bow 1 - Hypoglossal nucleus 
Row 2 - Vestibular nucleus 
Row 3 - Bed nucleus 
Row 4 - Main oculomotor nucleus 
Left column - 250x; right column - 400x 

Fig. 27. Lipofuscin deposition in the porcine brain -
age : 6 years 
Bow 1 - Hypoglossal nucleus 
Bow 2 - Vestibular nucleus 
Bow 3 - Bed nucleus 
Bow 4 - Main oculomotor nucleus 
Left column - 250x; right column -•400x 
79 
80 
V .  DISCUSSION 
A. Occurrence and Distribution of Lipofuscin 
in the Canine and Porcine Brain 
A review of the available literature indicated that age-
associated deposition of lipofuscin pigment has been reported 
in the major parts of the nervous system in many animals in­
cluding man. On the basis of a detailed study of the occur­
rence and distribution of lipofuscin pigment in eight brain 
stem nuclei together with prefunctory examination of other 
sites of pigment deposition, it was apparent that lipofuscin 
was widely distributed throughout the aging nervous system of 
canine and porcine specimens considered in the present study. 
Pigment visualized by the methods employed in this study, 
was not present in significant amounts prior to the age of 2 
years. This observation was in agreement with Pilez (I895) 
and Obersteiner (1903) who observed that pigment was absent 
in the newborn human. Strehler et (1959) stated that 
lipofuscin in cardiac muscle fibers was absent in the very 
young, and present without exception in the aged specimens 
they examined. That lipofuscin deposition may occur at an 
earlier age cannot be discounted. Munnell (1964) in prelim­
inary studies has observed electron-dense granules resembling 
lipofuscin in cardIan muscle fibers of 8 month old dogs col­
lected from the same series of animals under discussion. 
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The amount of pigment in the individual neuron appeared 
to increase from the age of 2 years to 13 years in the dog 
and from 2 years to 6 years in the pig. Muhlmann (I910) noted 
this age-wise increase in cellular pigment in studies on 
ganglion cells of the guinea-pig and man. Brody (1955)» in 
studies of pigment deposition in human cerebral cortical 
cells, claimed that while the number of cells containing pig­
ment increased with age, the actual number of cells contain­
ing large accumulations of pigment was relatively low. On the 
other hand, Wahren (1957) noted that in man, the cells of the 
pallidum were practically full of pigment by the end of the 
third decade. 
In the present study, the time of appearance of the pig­
ment was not constant. Among the eight nuclei studied, the 
red nucleus and the oculomotor nucleus in both the dog and pig 
exhibited pigment depositions as early as 2 years of age. 
Pigment accumulations in the remaining nuclei were not ob­
served in significant amounts until 4 years of age. This 
observation was in agreement with the view of C. and 0. Vogt 
(1946) who stated that the sequence of morphological, age-
associated changes were characteristically different for each 
cell type. Wahren (1957) concurred in this opinion, stating 
that in man, the onset and distribution of intracellular pig­
ment differed in the pallidum and the nucleus tuberomammil-
laris and nucleus tuberolateralis of the hypothalamus. 
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It was observed that the number of cells containing pig­
ment increased with age. One hundred cells of each of the 
eight nuclei were counted; the number of pigment-containing 
cells expressed as per cent was plotted against the age of the 
subjects. It appeared that the deposition of age pigment in 
the nervous system of the dog bore a linear relationship to 
age. This observation was in agreement with Strehler et al. 
(1959)» in their study of lipofuscin deposition in aged human 
cardiac muscle. In their study, they concluded that lipo­
fuscin was increased in cardiac muscle fibers progressively 
at an approximately mean rate throughout life. 
The intracellular distribution of lipofuscin was con­
sidered to be of Interest and significance. The pigment 
appeared to have three transient phases of distribution: 
1) a dispersed or disseminated phase, in which the pigment 
granules were evenly distributed throughout the cytoplasm; 
2) a perinuclear distribution, in which the granules formed 
loose or compact clusters, usually crescentic in form, about 
the cell nucleus; and 3) an axonal or polar distribution in 
which the pigment collected as loose or dense granules or 
dense amorphous masses at or near the axon hillock. Certain 
cells containing this last named pigment distribution pos­
sessed a second polar aggregation near the principal dendrite. 
These were classified as bipolar pigment aggregations. The 
predominant pattern of pigment distribution was considered to 
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be related more to the age of the subject than to the type of 
cell group containing it although there was some evidence that 
a particular cell group contained predominantly one pigment 
distribution pattern at all ages examined. The latter was 
particularly true of the cochlear nuclei which contained peri­
nuclear clusters almost uniformly at all ages and the red 
nucleus which was outstanding for its moderate numbers of 
bipolar pigment aggregations. 
As a general rule, however, disseminated pigment dis­
tributions were most frequent in younger specimens. Seven and 
8 year old specimens possessed more cells with perinuclear 
clusters of pigment, while 12 and 13 year old specimens con­
tained predominantly polar aggregations. 
Frequently, cells were encountered which contained dis­
seminated pigment granules in addition to either perinuclear 
or polar aggregations. Pigment-free cells were encountered 
in all age groups in both species. Nuclear groups were 
present which were pigment-free at all ages, viz. the dorsal 
motor nucleus of the vagus nerve in both the dog and pig, and 
the Purkinje cells of the canine cerebellum. 
The intracellular pigment distributions as described 
above were in agreement with the findings of Muhlmann (1910) 
who noted that the homogeneous distribution of pigment granules 
in ganglion cells of the guinea-pig and man was gradually lost 
with increasing age and noted certain cell types as having a 
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specific pigment distribution. Hopker (1951) noted five pig­
ment distribution patterns in the aging cells of the dentate 
nucleus. Brown (1944) noted the significant numbers of cells 
exhibiting polar pigment aggregations and reported bipolar 
pigment collections in the neurons of the red nucleus of 
canine specimens. 
Although the present investigation was concerned only 
with the deposition of lipofuscin, the possibility that other 
histologic evidences of aging might be manifest was consid­
ered. No overt evidence of nuclear alterations in size, 
shape, or position were observed; well-fixed sections exhib­
ited apparently intact and undisturbed cell and nuclear out­
lines; there was no excessive cytoplasmic or nuclear vacuoli­
zation. 
The findings in this study indicate that lipofuscin accu­
mulations were the only consistent cytological alteration that 
could be correlated with age. This observation was in agree­
ment with the views of Wilcox (1951) and Strehler (1962). 
B. Histogenesis of Lipofuscin 
Determination of the primary site of origin of lipofuscin 
was not within the scope of this investigation; however, a 
brief summary of the present status of knowledge on the sub­
ject will be useful as a preface to discussion of the signifi­
cance of the pigment in the aging process. 
r 
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The formation and/or deposition of lipofuscin is not 
clearly understood. At the subcellular level, several organ­
elles have been implicated; the Golgi apparatus by Gatenby 
(1951) and Bondareff (1957)» the mitochondria by Hess (1955)> 
and Duncan et aJ. (i960); and more recently, the lysosome by 
DeDuve (1959) and Samorajski (1964). At the cellular level, 
employing light microscopy, Muhlmann (I9IO) noted an increase 
in the number of lipoidal granules in the neurons with in­
creasing age, observing that the homogenous distribution of 
the granules was gradually lost and that they gathered in 
clusters in the cell body to form finally a localized mass 
which continued to increase in size. Hopker (1951), con­
cluded that lipofuscin was formed in a "lipohilic" center 
located in proximity to the nucleus and described five forma­
tive stages. Matzdorf (1948) described the process of pigment 
deposition as beginning with fine particles of lipofuscin 
diffusely distributed throughout the cytoplasm; these then 
increased in size, darkened, and clumped, the latter differ­
ing with the cell type. 
C. Significance of Lipofuscin 
Irrespective of its primary site of origin, lipofuscin 
is considered to be a product of cell metabolism and thereby, 
evidence of cellular activity. That these processes produce, 
directly or by accident, a series of insoluble and non-
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functional side-products or residues which accumulate and 
mechanically interfere with cellular function has been con­
sidered as a possible mechanism of aging. 
In the present study, the increase in amount of intra­
cellular pigment with age and the concomitant alterations in 
pigment distribution were interpreted as an evidence of cellu­
lar aging. 
It has been shown that the time of pigment deposition 
depends upon the nuclear group concerned. The main oculomotor 
nucleus and the red nucleus of the dog and pig contained con­
siderable numbers of pigmented cells as early as 2 years of 
age, whereas the other nuclei studied contained relatively 
few, if any, pigmented cells prior to the age of 4 years. 
This difference in time of pigment deposition was considered 
to be related to the level of function of the nuclear group 
concerned. Lower centers of the brain stem are chiefly con­
cerned with autonomic and reflex mechanisms; barring stress 
conditions, they operate at fairly constant levels of activ­
ity. Higher centers, on the other hand, are characterized by 
varying degrees of voluntary activity and complex integrative 
modalities and function at increased and usually higher levels 
of activity. Since lipofuscin collections in cells are con­
sidered to be a product of metabolism, it seems reasonable to 
interpret the time of appearance of lipofuscin as a measure 
of neuronal function. 
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The observations of Wilcox (1956) were in agreement with 
this concept in cause but not in effect. He held the view 
that the presence of lipofuscin was evidence of low levels of 
activity and the absence of it was due to high levels of 
activity. In a study of lipofuscin accumulations in the cen­
tral nervous system of the guinea-pig, he reported absence of 
pigment in the cochlear nuclei, a diametrically opposite find­
ing for these nuclei in the canine species in the present in­
vestigation. In canine specimens, perinuclear pigment clus­
ters were characteristic of these nuclei. The concept that 
pigment deposition-time is related to the level of function 
of a nuclear group is still valid if one considers that the 
guinea-pig is a lower order of mammal than is the dog. This 
latter view is supported by the observation of Kuhlenbeck 
(195^) who noted that pigmentation of cerebral cortical 
neurons was a less conspicuous occurrence in the rat than in 
man. 
In view of the foregoing discussion, it would be reason­
able to consider that three superimposed modalities are oper­
ating: 1) lipofuscin is deposited in a cell as a result of 
metabolic processes, 2) initial pigment deposition occurs in 
relation to the level of activity characteristic of a nuclear 
group, and 3) within a cell group, lipofuscin accumulates as 
a function of time. 
It has been shown that lipofuscin pigment was absent in 
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the neurons of young dogs (except at subcellular levels) and 
that it was universally present in old subjects. Of particu­
lar interest and significance was the finding that the pigment 
apparently accumulated linearly with respect to age at a 
steady rate throughout the life-span of the animal. The pig­
ment accumulated in clinically healthy subjects of known 
chronological age which were selected from an environment 
common to the subjects concerned. Among the six male and ten 
female subjects critically studied, pigment accumulations 
appeared to be independent of sex. Six breeds were repre­
sented; pigment accumulations also appeared to be independent 
of breed. 
There is ample evidence in the literature that accumula­
tions of lipofuscin in non-replaceable cell lines is an age-
correlated process. That lipofuscin accumulations are a basic 
biological aging process has been the subject of considerable 
controversy. 
Strehler et ( 1 9 5 9 )  derived four tentative criteria 
of biologic aging. The findings in the present study are 
substantially in agreement with these criteria as follows: 
Universality - The change should occur universally in all 
old animals of a species and should be essentially absent in 
the very young. Although the requirements of this criterion 
cannot be ascertained absolutely since all subjects cannot be 
tested, the findings in this investigation in general satisfy 
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the criterion. From this and other studies, Hamperl (1934), 
and Jayne (I950), there is no reason to doubt the consistency 
of the effect. 
Time dependence - The change should proceed gradually in 
an individual (and in a population). That this criterion was 
satisfied was clearly indicated by the constant rate of pig­
ment accumulation after 2 years of age. 
Innateness - The change should be a consequence of the 
action of time on the intrinsic properties of the biological 
system rather than the result of preventable disease, acci­
dent, or pathology. That the requirement of this criterion 
was met was evident by the age-wise deposition of lipofuscin 
in clinically healthy subjects of known chronological age 
which were reared in an environment common to all subjects 
examined. Sulkin and Scrivanij (I96O) reported experimental 
production of pigment in young dogs and stated that the pig­
ment was not usually seen in this species until approximately 
9 years of age. The results of the present investigation are 
in direct conflict with these observations. It has been shown 
that lipofuscin was present in at least two nuclei of the 
canine brain stem as early as 2 years of age and that the 
occasional pigment-containing cell was seen at younger ages. 
It would also seem that the time of pigment deposition in dif­
ferent functional types of neurons would have to be considered. 
The presence of lipofuscin in clinically healthy subjects in 
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the present study and the lack of correlation of pigment 
deposition with specific cardiovascular disease and heart 
failure in the study of lipofuscin deposition in cardiac 
muscle fibers by Strehler et (1959) further satisfy the 
criterion of innateness. 
Deleteriosness - The change should be unfavorable in its 
effect on the survival capacity of the individual organism in 
its natural environment. The change should be of such magni­
tude that it could contribute substantially to the functional 
debility of an old organ and its host. Prom a purely anatomi­
cal point of view, the size and density of lipofuscin accumu­
lations in the neurons of older specimens in this study would 
be likely to reflect or cause some impaired function. It has 
been shown that in older subjects and more active nuclear 
groups, that lipofuscin collects in the region of the axon 
hillock; it is entirely conceivable that such a large aggre­
gation of pigment granules could interfere with the propaga­
tion of the nerve Impulse. The apparent rigidity and insolu­
bility of the pigment was evident in the present study in 
which several sections of porcine brain material exhibited 
areas of post-mortem autolysis. The neurons in these areas 
evidenced varying degrees of autolysis while the pigment con­
tained therein was undisturbed. In adjacent, well-fixed 
areas, the pigment was visually Identical with that in areas 
of autolysis. Strehler et (1959) made this observation 
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in cardiac muscle fibers collected at varying periods of time 
between death of the subject and fixation of the tissue. The 
granules have been reported to be relatively solid, Hyden and 
Lindstrom (1950), and insoluble, Connor (I928), Jayne (1950) 
and Pearse (I96I). Murray and Stout (19^7) in a tissue cul­
ture study of the human ganglion cells observed the deposition 
of pigment over a period of several weeks. They reported that 
cells containing large amounts of pigment did not migrate and 
that their nuclei frequently lost their staining properties; 
cells containing lesser amounts of pigment would migrate only 
short distances. These investigators concluded that the pig­
ment may be detrimental to the cell by virtue of its being a 
rigid mass interfering with the plasticity of the cell. 
Because of its absence in the very young animal, its 
presence in the clinically healthy subject, and its large 
amounts in the neurons of older dogs, it seems that accumula­
tions of lipofuscin meets the criteria of a basic biological 
aging process. 
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VI. SUMMARY 
An investigation was conducted to determine the occur­
rence, distribution, and significance of lipofuscin age pig­
ment in the central nervous systems of the dog and pig. 
Thirty-eight canine specimens ranging in age from birth 
to 13 years of age, and 15 pig specimens ranging in age from 
1 year to 6 years of age were utilized in the study. Birth 
records and other vital statistics were obtained for all ani­
mals. At the time of death, the animals appeared to be 
normal, healthy subjects, exhibiting no clinical evidence of 
disease. 
Death was caused by electrocution. Immediately there­
after, each brin was removed from the cranial vault and fixed 
in 10 per cent neutral buffered formalin. Tissue blocks 
representing the medulla oblongata, pons, cerebellum, mesen­
cephalon, and diencephalon were embedded in paraffin, section­
ed and stained for lipofuscin pigment. Eight brain stem 
nuclei (the hypoglossal, inferior olivary, cochlear, vestibu­
lar, tegmental, trochear, red, and oculomotor) and the cere­
bellar Purkinje' cells were critically examined. 
Lipofuscin age pigment was found to be widely distributed 
throughout the aging central nervous systems of the canine and 
porcine specimens examined. Employing light microscopy, pig­
ment was first evident at the age of 2 years in the red and 
main oculomotor nuclei of the dog and pig. Pigment occurred 
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at later ages among the other nuclei examined. 
The intracytoplasmlc pigment granules varied in pattern 
of distribution, the pattern of which seemed to be related 
more to the age of the subject than to the functional type of 
neuron in which it occurred. The amount of pigment contained 
within the individual cell, and the number of cells contain­
ing pigment increased with age and appeared to be independent 
of breed and sex. 
The subjects utilized in this study came from an environ­
ment common to all specimens of a species. This factor and 
the apparent absence of clinically demonstrable disease sug­
gested that lipofuscin pigment was a normal product of cellu­
lar metabolism. 
The time of initial appearance of the pigment seemed to 
be related to the functional type of neuron in which it 
occurred; its continued increase, however, bore a linear 
relationship to the age of the subject. Pigment was present 
in large amounts in older subjects; the gradually increasing 
quantity of which should eventually interfere with normal 
cellular activity. 
Because of its absence in the very young, its presence 
without exception in the old, its presence in the clinically 
healthy subject, and its large amounts in aging nervous tis­
sue, it seems that the accumulation of lipofuscin constitutes 
a basic biological aging process. 
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VII. CONCLUSIONS 
Stained by the Nile blue method, lipofuscin pigment 
appeared as dark, blue-green granules within the cyto­
plasm of neurons of the canine and porcine brain. 
A study of brain sections prepared from canine specimens 
ranging in age from birth to 13 years, and from porcine 
specimens ranging in age from 1 year to 6 years, indi­
cated that lipofuscin was widely distributed throughout 
the aging nervous systems of these species. 
Neuronal lipofuscin granules presented three basic pat­
terns of distribution; these distribution patterns could 
be correlated with the age of the subject. 
The pigment was essentially absent in very young sub­
jects, appearing first in significant amounts at the age 
of 2 years. 
From the age of 4 years, pigment was consistently present 
in all specimens examined. 
The amount of lipofuscin present in the individual 
neuron, and the number of neurons containing pigment, 
increased linearly with age at a steady rate. 
The presence of lipofuscin in clinically healthy subjects 
suggested that the pigment was a normal product of cell 
metabolism. 
The presence of lipofuscin pigment was the only consis­
tent cellular alteration that could be correlated with 
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age in the specimens studied. 
9. The age at which pigment first became apparent varied 
with different nuclear groups; the variation in time of 
appearance of pigment was considered to be related to 
the functional type of neuron concerned. 
10. The occurrence and distribution of lipofuscin pigment 
in the aging canine and porcine central nervous systems 
conformed in most respects to the criteria set forth 
for a basic biological aging process. 
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